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Synopsis 
Two sets of experiments with irregular channels 
were designed and carried out in order to clarify 
some aspects of resistance to flow in irregular 
channels and to separate losses due to boundary 
shear from those caused by the irregularities in 
the flow cross-section ("form" losses). 
It is demonstrated that a certain type of 
irregularity, in which the flow cross-section 
remains constant or nearly so, does not produce any 
"form" loss. This type of irregularity is the one 
in which any change in the width of the channel is 
associated with a change in the elevation of channel 
bed (change in depth of flow) such that the flow 
cross-section remains the same, or nearly so, through 
the irregularity. However, other types of irregular­
ities associated with rapid changes in flow cross­
section, in which the flow cross-section does not 
remain constant through the irregularity, produced 
"form" losses which accounted for up to 92% of the 
total loss in the channel. 
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l. INTRODUCTION 
It has long been recognised that the resistance to flow in 
natural channels is only partly due to boundary shear and that 
additional resistance is encountered because of the e ffects of bends 
and irregulatities in the channel and of changes in the cross-section. 
Allen (l) studied the resistance to flow along a tortuous reach of 
the River Mersey and concluded that "in the wide class of rivers 
containing more or less abrupt changes of curvature, the resistance 
offered by these bends may be at least equal to that caused by 
textural roughness". In later studies of a tortuous stretch of the 
River Irwell, Allen and Shahwan (2) concluded that "the bends and 
changes of section account for one-quarter to three-quarters of the 
total resistance, depending upon the portion of the channel and of 
the discharge considered". 
Eastwood (5) studied the resistance to flow in a straight 
rectangular channel with regular variations in bed level for three 
longitudinal bed profiles, viz., rectangular step, and triangular 
and sinusoidal "waves" and for a number of pitches or wavelenghts 
in the variations. He found that the energy loss attributable to 
the bed forms rang.ed between abou t 70 and 98 percent of the total 
losses. 
Despite such clear demonstrations of the importance of 
"form" losses due to irregularities of cross-section and to tortuosity 
of the channel, it has been nearly universal practice to try to 
account for the total resistance with the �Janning formula and to 
lump all contributions to resistance. into the value of f-1anning' s 
"n" . Inglis (6) pointed out how unsatisfactory such a procedure 
is but such comments seem to have largely been ignored in practice. 
Almost certainly the chief reason for this is that there is very 
little data available to enable the hydraulic engineer to evaluate 
the losses due to bends and irregularities of cross-section in 
natural streams and he is forced to use the only information avail­
able which consists of guidelines for estimation of an all-embracing 
i1anning's "n" such as those summarised in Chow (.4). 
That such a procedure is fundamentally unsound can be 
demonstrated easily as follows. Suppose that the resistance to flow 
in a straight reach of channel of length L is made up from boundary 
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shear or frictional resistance and from form losses due to irreg­
ularities in the cross-section. Let us suppose that the surface 
texture is such as to give boundary shear resistance according to 
n in Banning's formula and that the form losses can be expressed 
2 
as �K. V2 where K. is the coefficient of energy lo
ss associated 
� g � 
with the ith irregularity, V is the average velocity of the flow 
and g is the acceleration due to gravity. The energy loss over 
the length, L, of the channel, hf, will then be 
(l) 
where R = A/P is the hydraulic radius, A is the cross-sectional 
area and P is the wetted perimeter. 
If an effective value 
evaluate all losses, then 
" n  n e is used in �Ianning' equation to 
(2) 
For equivalence of the expressions in equations (1) and 
(2), it is necessary that 
n 2 e (3) 
it is necessary that rK.R
4/3 should vary � For ne to behave like n, 
in the same way as does n. For example, if n is constant, it is 
necessary that �Ki be proportional to R
-4/3 for ne also to be 
constant. It is unlikely that K will be related to R for K is 
essentially related to A1/A2, the measure of the irregularity of 
cross-section. Even such a simple analysis predicts that an n 
which attempts to describe the total losses in a natural channel 
must vary with depth of flow and this fact has been widely attested 
from field measurements (4). 
If progress is to be made towards a more rational evaluation 
of resistance to flow in natural channels, it is necessary to find 
ways of evaluating separately the form losses and the friction 
losses. It is the aim of this paper to describe experiments which 
are designed to clarify some aspects of resistance to flow in 
irregular channels. In particular, it is demonstrated that a 
certain type of irregularity in form, i.e. one in which the cross-
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sectional area is kept constant, does not contribute to flow resist­
ance, but that it is the irregul arity associated with rapid changes 
in cross-sectional area which gives rise to form loss. Some data 
is presented concerning the magnitude of energy losses in one 
particular example of an ir regular ity of the latter type. 
2. EXPERIMENTAL CHANNEL AND PROCEDURES 
The experiments described herein were designed to test the 
hypothesis that departures from uniformity in a channel do not result 
in extra energy loss provided the irregularities are such that there 
is little or no change in the velocity of flow and that there is no 
significant separation of flow. The test channel is shown in Figs . 
1 and 2. It was constructed from cement plaster with a smooth 
surface texture comparable to that produced by steel trowelling. 
The channel consisted of a length of uniform channel at the upstream 
end followed by a length of irregular channel. In the uniform part, 
of length 19.7 ft (6. 0 m), the cross-section was rectangular, with 
the wid�h 15.75 in. (4 00 mrn) and the bed slope constant. In the 
irregular part the cross-section was rectangular, but the width 
was reduced at a uniform rate to 7. 8 in. (200 rnrn) over a length of 
3. 28 ft (1. 0 m) and then expanded at the same rate back to 15.75 in . 
(400 rnrn) over the next length of 3. 28 ft (1. 0 m); this contraction­
expansion in the wid th was repeated for the five identical "wave­
lengths" to give a total length of irregular channel of 32. 8 ft 
(10.0 m). The profile of the bed of the irregular channel was 
constructed to a shape that resulted in a constant cross-sectional 
area below a plane parallel to the bed of the uniform part of the 
channel and located 4.92 in (125 rnrn) above it. The pla n  and long­
itudinal section of the channel are shown in Fig. 2. 
The channel was mounted on a platform, the slope of which 
could be varied. Water was supplied to the c hannel through a fore­
bay at the upstream end and an adjustable tailgate was provided at 
the downstream end to permit the downstream depth to be controlled. 
The flow was measured with a concentric orifice plate set in the 
water supply pipe. Water surface levels were measured with pointer 
gauges to an accuracy of 0. 004 in . (0. 1 mm). Velocity distributions 
were measured with a minature propeller meter. 
Figure 1 
4 
Irregular part of test channel as 
used in first set of experiments. 
View looking upstream. 
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Schematic drawing of test channel as used in first set of experiments. 
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Figure 3 Sample of water surface profiles and 
total energy l ines in channel as used 
in first set of experiments. Average 
bed slope, 0. 001. 
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indicates that this flow is that which corresponds to a normal depth 
of 4.92 in. (125 mm) in the uniform channel. The results presented 
below show that the value of Manning's "n" for the uniform channel 
is 0.0099 and the discharges corresponding to flow at normal depth 
of 4. 92 in (125 mm) at the three slopes, calculated with this value 
of n, are respectively 1.024 cfs (29.0 L/sec), 1.441 cfs (40.8 L/sec) 
and 1.765 cfs (50.0 L/sec). Examination of the results for a slope 
o f  0.001 shows that the results that most nearly approach the ideal 
are those at flow s of 0. 882 cfs (25.0 L/sec) and 1.059 cf s (30. 0 L/sec); 
for the slope of 0.002 the result that most nearly approaches the 
ideal is that at flow of 1. 423 cfs (40. 3 L/sec); for the slope of 
0.003 no result approaches the ideal since the maximum di scharge 
achieved for this slope was 1.059 cfs (30.0 L/sec) which is much 
less than the required discharge of 1.765 cf s (50.0 L/sec). 
The flows of 0. 883 cfs (25.0 L/sec) and 1. 059 cfs (30.0 L/sec) 
at a slope of 0.001 gave remarkably good results. Although the bed 
level in the irregular channel varies by 4.92 in. (l25 mm), the water 
surface profiles deviate only a few millimetres from the plane surface. 
The velocity i s  very nearly constant; at 0.883 cfs (25. 0 L/sec) it 
ranges from a maximum of 1.716 ft/sec (0. 523 m/sec) to a minimum of 
1.627 ft/sec (0.496 m/sec) and at 1.059 cfs (30.0 L/sec) it ranges 
from a maximum of 1.995 ft/sec (0.608 m/sec) to a minimum of 1.860 
ft/sec (0.567 m/sec). The total energy line in each case i s  very 
close to the plane surface corresponding to uniform flow in the 
uniform channel. These results provide particularly striking evidence 
to verify the hypothesis. 
For those cases in which the water surface i s  above that 
required to produce constant cross-sectional areas, a plane water 
surface would result in cro ss-sectional areas in the narrow parts 
of the channel which are too small; the results show that, for 
such cases, the velocity o f  flow in the narrow section is larger 
than in the wide section and, consequently, the water surface profiles 
dip downwatds in the narrow section s. For tho se cases in which the 
water surface is below that required to produce constant cros s­
sectional area, a plane water surface would result in cross-sectional 
areas in the narrow parts of the channel which are too large and 
the results show that, for such cases, the velocity of flow in the 
narrow section is smaller than in the wide section and, con sequently, 
the water surface profile s  ri se up in the narrow section. 
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2. 1. 1 Calculation of Manning's "n" 
Even for those few cases in which the total energy line is 
essentially a straight line in the irregular channel, it is not easy 
to evaluate an effective Manning's "n" because the properties of the 
cross-section vary continuously. 
A computer program was used for integration of the equation 
for gradually varied flow to evaluate Hanning's "n" separately in 
the uniform channel and in the irregular channel for each of the 45 
cases measured. The procedure used was to adjust the value of "n" , 
treated as constant for the channel, until the water surface profile 
computed by the program agreed with that measured. The program 
uses a fourth order Runge-Kutta integration process with automatic 
interval control (3). The results of these evaluations of "n" for 
the uniform part and irregular part of the channel are summarized 
in Table l. It can be seen that the values obtained for Manning's 
"n" are essentially the same for the irregular channel as for the 
uniform channel. The average values of "n" for the two channels 
differ by only 3% confirming the conclusion drawn from inspection 
of total energy lines that no significant extra energy loss is 
caused by the irregularity in the channel; the irregular channel 
displays the same resistance to flow as does the uniform channel 
and there is no form loss associated with the irregularity. 
In the experiments which produced these results there was 
no flow separation in the irregular channel. The evidence of visual 
observations is supported by the measured velocity distributions, 
such as those drawn in Fig. 4. For some cases the velocity varied 
considerably from the narrow to the wide sections, the largest changes 
involving increases in the ratio to 2 to l or decreases in the ratio 
of l to 2, but even in these extreme cases there was no separation. 
The flow generally was in the subcritical regime but, in 
some cases, there were local regions of supercritical flow with 
undular waves but no broken surges. 
One might expect that, if the wavelength of the irregularity 
were made short enough, ultimately the flow might separate and this 
must result in increased energy loss. Also if the Froude number 
were raised sufficiently then noticeable energy losses would result 
10 
TABLE l Calculated Values of Manning's "n" in 
Uniform and Irregular Parts of Channel 
Flow Channel Mann in •s "n11 Run 
No. Rate Slope Uniform Irregular (cfs) 
Part Part 
,, 0 . 39 8 0.001 0.009 0.010 
5 0.398 " 0. 0 1 0 0.009 
6 o. 353 " 0.010 0.0 10 
7 0.3 53 " 0.010 0.009 
8 0.530 " 0.0095 0.009 5 
9 0.710 " 0.010 0.011 
10 0.883 " 0.010 0 . 0 11 
11 1.059 " 0.010 0.009 
12 1. 222 " 0.010 0.009 
13 0.353 0.002 0.0105 0.0095 
14 0. 353 " 0.0105 0.0095 
15 0.353 " 0.010 0 . 011 
16 0. 353 " 0.009 0.010 
17 0.3 50 " 0.011 0.011 
18 0 . 530 " 0.0 1 0 0.009 
19 0.530 " 0.009 0.0085 
20 0.530 " 0.0095 0.0105 
21 0.530 " 0.0095 0.0105 
22 0.530 " 0.010 0.0105 
23 0. 530 " 0. 011 0.011 
24 0.706 " 0 . 0 105 * 
25 0.706 " 0.010 * 
26 0. 706 " 0 . 0 1 0 0.012 
27 0.706 " 0.0105 0.0115 
28 0. 706 " 0.010 0.0115 
29 0.883 " 0.0105 * 
30 0.883 " 0.0105 * 
31 0.883 " 0.010 0.0105 
32 1.059 " 0.011 * 
33 1. 059 " 0 . 011 * 
34 1.059 " 0.0105 0.011 
35 l. 24 7 " 0.0105 * 
36 l. 241 " 0. 0 1 0 0.0105 
37 1. 423 " 0. 011 0 . 0 13 
38 0. 353 0.003 0.0095 0.0095 
39 0.353 " 0.010 0. 0 1 05 
40 0. 353 " 0.010 0.009 
41 0.530 " 0.011 * 
42 0. 530 " 0.0095 0.0105 
43 0. 706 " 0.0105 * 
44 0. 706 " 0.010 0.0105 
45 0.883 " 0.010 * 
46 0.883 " 0.0095 0 .009 5 
47 l. 059 " 0.011 * 
48 1.059 " 0.0095 * 
* Program calculations for "n" failed to converge. 
NOTE: 1 cfs = 28.32 L/sec. 
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from broken surges. However, provided that neither of the above 
occurs, then it is clear that an irregular channel can carry flow 
with no greater energy lo ss than a uniform channel. A new concept 
which was advanced by McKay and Kazemipour (7) ha s a direct relevance 
to the above discussion and should be mentioned here. They showed 
that in addition to the previously known applications of specific 
energy, there is a condition which offers a wide range of cro ss­
section proportions without additional form loss. This condition 
is the reduction of ground (bed) level to achieve a further converg­
ence of the flow: i.e. to reduce span or drop the water surface to 
increase headroom. In other words, if a channel, in which the 
transverse distribution of specific energy is uniform, converges 
and/or diverges, and the bed changes so that the flow becomes critical 
at all cross-sections at the same time, the channel appears to be 
close to being hydraulically smooth, i. e. the form loss has been 
eliminated. They calculated with considerable accuracy the dimensions 
of many usefu l structures based on this concept. A large number of 
full size structures in line with this concept have been built and 
tested successfully, throughout Queensland and Australia. 
2.2 Experiments II 
The first set of experiments demonstrated that a certain 
type of irregularity doe s not result in extra energy losses and 
there is no f orm loss associated with it. This type is one in which, 
in general, as the width of the channel narrows, the bed level is 
lowered and as the channel widens the bed level ri se s such that the 
total energy line is parallel to the average bed slope everywhere. 
These associated changes in channel width and bed level limit the 
change in cross-sectional area and, so, change s in velocity resulting 
from the irregularity. The re sults of the experiments demonstrated 
that it is not essential to achieve constancy of cross-sectional 
area (velocity) to avoid losses associated with irregularity and 
area ratios up to 2 to 1 were found to contribute no significant 
losse s. 
In the second set of experiments a different type of irreg­
ularity was created in order to demon strate that large energy losses 
are generated by some type s of irregularity. The irregularity 
tested consisted of variation in the width of the channel without 
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any associated change in bed level. Three configurations of this 
type of irregularity were made by progressively filling in the 
depressions in the irregular part of the channel which was used in 
the first set of experiments without changing the plan shape. The 
three d ifferent configurations are illustrated in Fig. 5. The first 
was produced by filling in the bed depression of the first, upstream 
wavelength of irregularity; the second by then filling in the bed 
depression of the third wavelength; the third by filling in the bed 
depression of the intermediate, second wavelength. The irregularities 
so formed consisted of straight line side contractions and expansions 
of the channel walls, with a plane bed profile. 
Water surface profiles were measured for the first type of 
irregularity with three different bed slopes, viz, 0.001, 0.002 and 
0.003 and for five flow rates ranging from 0.353 cfs (10.0 L/sec) 
to 1.059 cfs (30.0 L/sec) with constant increment; they were measured 
also for the second and third type of irregularity with a bed slope 
of 0.001 and f or the same five flow r ates. In each of those experi-
ments on the slopes of 0.002 and 0.003 the combination of bed slope, 
flow rate and depth at the downstream end of the channel was the 
same as for one of the first set of experiments described previously. 
Thus by comparing conditions upstream of the irregularity with those 
measured at the same station in the channel for the corresponding 
set of conditions in the first set of experiments, it was possible 
to determine the extra energy loss (form loss) associated with the 
irregularity which had been introduced. 
As an example, the measured water surface profil e and the 
associated total energy line on the slope of 0.002, for the first 
type of irregularity in the second set of experiments, are shown in 
Fig. 6, where they are compared w ith the profiles obtained in the 
correspond ing experiment with the same slope and flow rate before 
the new irregularity was introduced. 
Examination of Fig. 6 shows that the first type of irreg­
ularity in the second set of experiments causes a pronounced local 
energy loss. It is of interest to note that all of the extra energy 
loss occurs downstream from the minimum cross-section associated with 
the irregularity, i.e. in the rapidly expanding flow. It is also 
noteworthy that while the extra losses are localised they are, 
nevertheless, distributed over a considerable distance extending 
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used in second set of experiments. 
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into the next wavelength downstream from the irregularity. 
A sample of the total energy profiles for the first, second 
and third type of irregularities in the second set of experiment s 
is shown in Fig. 7. It is clear from Fig. 7 that, by far, the 
largest contribution to extra energy loss comes from the most down­
stream irregularity and that further irregularities upstream in 
close proximity result in relatively small add itional lo sses. 
2.3 Magnitt:de of Extra Energy (Form) Lo ss 
For all of the runs on slopes of 0.002 and 0.003 in which 
the downstream control gate was not in use, very good agreement in 
flow condition s and in the total energy levels in the downstream 
end of the irregular channel was achieved for the corresponding pairs 
of the experiments. The agreement in each case was as can be seen 
in the example in Fig. 6. As a result, for these runs the extra 
form loss, 6E, caused by the introduction of the irregularity in. 
the second set of experiments can be obtained directly from the 
increase in the total energy level measured at a station upstream 
from the irregularity over the value measured at the same station 
before the irregularity was introduced. An upstream station 
(16.76 ft (4. 5 m) from the channel entrance] in the uniform part 
of the channel was chosen for this purpose, and the magnitude of 
extra form loss, 6E, was obtained for each pair of the experiments, 
as described above. 
For the runs on a slope of 0.001, since the original run s 
in the first set of experiment s  were taken with the downstream 
control gate in use, it was not possible to obtain the magnitude 
of the extra form losses directly from the differences of the total 
energy levels at an upstream station as was done for the run s on 
slopes of 0.002 and 0.003. Instead, the extra form lo ss for the 
corresponding pairs of the experiments on the slope of 0.001 was 
calculated in the following way:-
(i) The energy loss between the upstream station 
[14.76 ft (4.5 m) from the channel entrance] and a 
station in the downstream end of the irregular 
channel [the station at 45.93 ft (14.0 m) from the 
entrance] was obtained for each run of the first 
set of experiments. Thi s value is called 6E1. 
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Figure 7 : Total energy lines for the three 
types of irregularity in second 
set of experiments. Slope, 0.002; 
discharge, 0.5 30 cfs (15. 0 L/sec) . 
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(ii) The energy loss between the same upstream and 
downstream stations was also calculated for 
the same flow rate for each corresponding run 
in the second set of experiments. This latter 
value is denoted by 6E2. 
(iii) The extra form loss for each pair of corresponding 
runs was taken as the difference between 6E2 
and 6E1, 6E = 6E2 - 6E1. 
The values of 6E in the second set of experiments for all 
three different configurations of irregularities on the slope of 
0.001 and also those for the first type of irregularity on the 
slopes of 0.002 and 0. 003 are plotted again s t  discharge, Q, in 
Fig. 8. The following conclusions can be drawn from the analysis 
of the values of the extra energy (form) losses plotted in Fig. 8:-
(i) The extra form losses caused by the introduction 
of the sudden contraction in the second set of 
experiments are substantial compared to the l i ttle 
or no extra losses observed when the flow cross­
section was kept constant through the irregularity 
in the first set of experiments . 
(ii) It is very clear from Fig. 8 that, for the same flow 
rate, the magnitude of extra form loss increases as 
the average slope of the channel bed decreases. 
(iii) For the slope of 0 . 001, the extra form loss accounts 
for up to 92% of the total loss in the channel, and 
th is is in agreement with the f indings of Eastwood 
(5) on the subject, referred to earlier in this 
paper. The extra form loss caused by sudden contract­
ion accounts for up to 77% of the total loss for the 
slope of 0.002 and up to 70% of the total loss for 
the slope of 0.003. The magnitudes of form losses 
obtained here for a particular type of irregularity 
support in general the observations of A llen and 
Shahwan (2) in tortuous rivers, referred to earlier 
in this paper. Furthermore, they show the importance 
of the losses associated with irregularities of 
19 
cross-section in the total resistance to flow 
in some types of irregular channels. 
(iv) It is clear from Fig. 8 that most of the extra 
form loss occurs through the most downstream 
irregularity in the second set of experiments 
and the existence of any further irregularity 
of the same type upstream increases the extra 
form loss by only a small amount. 
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When 6E is plotted against Q on log/log paper for all five 
cases (three cases for slope of 0.001, one case for slope of 0.002 
and one case for slope of 0.003) the data points fal l very closely 
on straight lines. The average slope of all five such lines is 
0.635 with only small variation from this value in each individual 
case. This indicates that the extra form loss associated with these 
irregularities is related to the cischarge by 6Eo:c0·63
5
. 
The general conclusion which can be drawn from the results 
obtained in the second set of experiments is that substantial energy 
losses in natural and irregular channels are associated with a 
sudden and rapid change in the flow cross-section at a reach. 
Furthermore, if there are several such changes in flow cross-section 
located close to one another, most of the energy loss occurs in 
that which is furthest downstream and the similar changes in flow 
section upstream contribute only a small amount to the overall loss. 
3. CONCLUSIONS 
In general, it was shown that the resistance to flow in 
irregular channels is made up of frictional resistance due to 
boundary shear stress and losses associated with changes in the 
form of cross-section ("form" losses). 
It was shown that a certa in type of irregu larity in form 
does not result in any increase in the total flow resistance in 
irregular channels compared to uniform channels. This type of 
irregularity is the one in which any contraction and/or expansion 
in channel width is associated with a change in channel bed such 
that the flow cross-sectional area remains constant, or nearly so, 
and that the wavelengths of subsequent contractions and/or expansion 
are reasonably long. 
The results of experiments in the irregular channels with 
constant flow cross-sectional area showed that, for each bed slope, 
there is only one discharge which would give a water surface profile 
paral lel to the average bed slope of the channel. However, the 
results of the first set of the experiments showed that it is not 
essential to achieve constant flow cross-sectional area (constant 
velocity throughthe_ irregularity) to minimise losses associated 
with the irregularity and that area ratios up to 2 to 1 contributed 
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no significant extra losses. 
For other types of irregularities, it was shown that there 
is a dramatic increase in the total energy loss associated with 
contractions and/or expansions in the width of the channel without 
any change in the elevation of the channel bed, i.e. rapid changes 
in the cross-sectional area. 
It was shown that the form losses associated with rapid 
changes in the flow cross-section accounted for up to 92% of the 
total energy loss in the channel. Furthermore, for a given bed 
slope, form losses associated with rapid changes in flow cross­
sectional area increase with increasing flow rate and for a given 
flow rate they decrease as the bed slope increases. 
Where there are several rapid changes in the flow cross­
section in close proximity, the largest portion of form losses 
associated with such rapid changes in flow cross-section comes from 
the most downstream irregularity and the similar irregularities 
upstream increase the form losses by only a small amount. 
4. PRACTICAL APPLICATION 
The investigations described in this paper provide insights 
into the nature of resistance to flow in irregular channels and, 
therefore, in natural channels. In the estimation of Hanning's "n" 
for natural channels, the degree of irregularity of the channel is 
one of the factors which must be taken into account. The results 
of the experiments show that the nature of the irregularity is of 
paramount importance. In particular, irregularities of a type which 
maintain a nearly constant area of cross-section of flow may cause 
very little extra energy loss, whereas irregularities which have 
sudden changes in the area of cross-section of flow associated with 
them will always result in very large energy losses. This distinction 
establishP.s a basis for quantification of irregularity in terms of 
the area ratios associated with the irregular feature. It also 
indicates the direction whcih further investigation should follow 
in order to obtain the data required to provide a more rational means 
for prediction of resistance to flow in natural channels than those 
methods currently available. 
2 2  
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APPENDIX A 
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b.E 
NOMENCLATURE 
cross-sectional area 
measure of irregularity of cross section 
acceleration due to gravity 
energy loss over the length L 
coefficient of energy loss associated with irregularity 
coefficient of energy loss associated with the ith irregularity 
length of channel in a straight reach 
Manning's roughness coefficient 
effective Manning's n in irregular channel 
discharge 
hydraulic radius 
average velocity of flow 
energy loss over the length L of irregular channel in first 
set of experiments 
energy loss over the length L of irregular channel in second 
set of experiments 
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